Energy dependent counting losses occur in most pulsed-feedback preamplifiers due to the loss of those pulses which activate the recharge system. We describe a pulsed-feedback system that overcomes this inefficiency. The paper also discusses pulsed-light feedback as used with germanium gamma-ray spectrometers used at high energies and high rates where those losses become significant. Experimental results are presented.
Introduction
Discharge of the feedback capacitor in chargesensitive preampifiers has traditionally been accomplished by using a high-valued resistor across the feedback capacitor causing continuous charge leakage.
Resistor charge restoration has several disadvantages. The resistor contributes extra noise, which degrades the energy resolution of high-resolution spectrometersl. In addition poor pole-zero compensation in the amplifier chain is caused by the poor frequency behavior of the resistor. This improper pole-zero compensation causes the energy resolution to be degraded at high rates. Other types of continuous-charge restoration have been used such as dc light feedback2 and drain feedback3. These methods provide improvements in energy resolution since they remove the excess noise of the discharge resistor. However, like all continuous charge restoration systems, they require pole-zero correction in the main amplifier, and because of their nonlinear behavior, the pole-zero correction is poor, resulting in poor high-rate performance.
Pulsed-charge restoration systems allow charge to accumulate on the capacitor and discharge it in a brief discharge period. Several types of pulsedcharge restoration have been used to further improve the energy resolution47. Pulsed feedback requires no pole-zero correction in the main amplifier with the result that a dramatic improvement in high-rate performance can be achieved. Two basic methods of pulsed restoration have been used. One method involves resetting after each event is processed in the main amplifier, while the other resets when the preamplifier output (i.e. the charge on the feedback capacitor) reaches a predetermined upper limit. The latter method produces much less dead time because there is only one reset after many detector pulses.
Pulsed-light feedback is widely used with lowenergy x-ray spectrometers and can provide excellent energy resolution even at high rates. However, it is not generally realized that the pulsed-feedback method also provides excellent resolution and highrate performance in spectrometers designed for highenergy gamma-ray spectroscopy. We have used pulsedlight feedback for large-area planar germanium detector systems where good high-rate performance and excellent energy resolution is important.
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In this work, as in our x-ray spectrometers, we use the pulsed reset method where the reset is initiated when the preamplifier output reaches a predetermined level. In early work with these systems a significant efficiency loss at high energies was noted. This was quickly diagnosed as being due to the fact that a reset occurs on a gamma-ray event and the particular event which initiates the reset is rejected due to the dead-time associated with the reset operation. Since the probability of its initiating a reset increases as the gamma-ray energy increases, an energydependent dead-time loss is produced. The primary purpose of this paper is to describe a technique for avoiding this effect by delaying the reset until the gamma-ray event initiating it has been processed.
Preamplifier Design The loss of pulses activating the reset is easily calculated. If the range of the preamplifier output during reset is 2 V, and each detector pulse produces a 0.2 V step, and if we neglect the effect of detector leakage current, it requires ten pulses to activate a reset. The tenth pulse would be lost thereby producing 10% losses. If the detector pulses were only 20 mV, a 1% loss would result.
A block diagram of a pulsed-light feedback preamplifier which overcomes this problem is shown in The LED is then turned off. The other discriminator has a threshold that can be varied from 0 V to about 1.8 V. The setting of this threshold is dependent on the maximum energy to be measured by the spectrometer. When this discriminator fires a "Wait" one shot is triggered, and at the end of the "Wait" time, the fixed threshold discriminator is triggered. The "Wait" time is made longer than the time required to process the event in the main amplifier. The "Wait" time can be terminated early by a signal from the main ampliamplifier just after the end of the signal processing time.
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The logic board contains the two limit discriminators, the "Wait" one-shot, and LED driver. The LED driver can supply a positive or negative current to the LED depending on the kind of LED that is avail- 
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--_ time A schematic diagram of the new preamplifier is shown in Fig. 3 This stage has been designed to have a faster rise time than the usual pulsed-light feedback preamplifiers used in x-ray spectrometers. It is used at shorter main amplifier peaking times and also in systems where fast timing information is required. The faster rise time is obtained by using low collector capacitance transistors and bootstrapping these capacitances where needed. The preamplifier has better than 5 ns rise time when using a TIS75 FET at the input with a 0.5 pF feedback capacitor and a detector of 15 pF capacitance. The output swing is limited to +2 V by the discriminator on the logic board. The output transistors are protected against excessive current in case the output exceeds +2 V. Figure 4 shows a photograph of the detector, FET, LED, feedback capacitor, and FET heater assembly.
Different types of FETs are used depending on the detector capacitance. The types used (from the smallest to the largest capacitance) are 2N4416, BF817, TIS75 (chips), and the SFB8558. All are manufactured by Texas Instruments. Care must be taken to avoid any charge storage or fluorescent effects following a reset or the rate performance will be degraded.
We have observed that some LEDs show light enmission after the current is shut off and that some capacitors exhibit charge-storage effects. This is more critical for gamma-ray than x-ray spectrometers because the noise level is a much smaller percentage of the reset amplitude in high-energy systems , and aftereffects of the reset are more prominent9. 
Experimental Results
The experimental results presented here are representative of a current system but not the very best. The detector used was a high-purity germanium planar device, 1.25 cm thick and 3.8 cm in diameter.
Its capacitance was 13 pF, and the detector bias, was 1500 V. The feedback capacitance was 0.5 pF. The FET used in this system was a TIS75 chip mounted on a 2N4416 type header. The main amplifier pile-up rejector and biased amplifier used in this work was our standard 11X8481P-5 x-ray amplifier system used with pulsed-light feedback. This version contains an improved base-line restorer of the wrap-around type. The peaking time used for all spectral measurements was 4.5 lis, with the shaping circuit trimmed to have no under-shoot. Measurements were made of the electronic resolution as a function ot the peaking time, of the gamma-ray resolution at low and high rates, of any energy-dependent losses and also of the coincidence timing resolution.
i) Electronic Energy Resolution
The electronic energy resolution was measured using an RMS voltmeter with the amplifier gain normalized using the 241Am 60 keV gamma-ray. Figure 5 shows The pulsed-light reset preamplifier described in the paper gives excellent resolution at high rates without introducing the energy dependent losses associated with the loss of pulses that trigger the reset in a conventional pulsed-light reset preamplifier.
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